MHP-1 inhibits cancer metastasis and restores topotecan sensitivity via regulating epithelial-mesenchymal transition and TGF-β signaling in human breast cancer cells.
Cordyceps has long been used to treat cancer. However, its pharmacologically active components as well as the molecular mechanisms underlying its effects are still unclear. To investigate the effect of MHP-1, a newly isolated polysaccharide from Mortierella hepialid (the asexual structure of C. sinensis), on breast cancer metastasis. The effect of MHP-1 on breast cancer cell migration, epithelial-mesenchymal transition (EMT) and TGF-β signaling were investigated in vitro and in vivo. The effect of MHP-1 against topotecan-resistant MCF-7 cells that developed an EMT-like phenotype was also examined. The in vitro effect of MHP-1 on breast cancer cell proliferation and migration was evaluated by CCK8 and transwell assay. Morphological changes were observed and EMT markers were detected by western blot. The production of MMPs was measured by quantitative PCR and ELISA assay. To further investigate the mechanism that MHP-1 inhibited breast cancer EMT, western blot, ELISA, luciferase reporter gene assay, siRNA, quantitative PCR, immunohistochemistry, and xenograft tumor model were performed. MHP-1 inhibited breast cancer cell migration but did not cause any cytotoxicity. MHP-1 significantly surpressed breast cancer EMT, and slightly decreased MMP-9 secretion. TGF-β signaling was selectively inhibited after MHP-1 treatment, and other EMT-related pathways, like Wnt and Notch, were not affected. MHP-1 reduced the secretion of TGF-β1, but rarely affected other EMT-induced cytokines. Dual luciferase assay and Smad2/3 phosphorylation analysis indicated that MHP-1 suppressed TGF-β signaling. We further showed that MHP-1 restored sensitivity in topotecan (TPT)-resistant MCF-7 cells that developed an EMT-like phenotype. Similarly, the effect of TPT on resistant MCF-7 cells was also increased either by ALK5 (TGFβRI) siRNA or by a small molecular inhibitor of ALK5, SB-431542. MHP-1 inhibited breast cancer metastasis in the MDA-MB-231 xenograft model, and the immunohistochemical staining showed dramatically decreased expression of ALK5 and vimentin, and increased expression of E-cadherin. MHP-1 significantly inhibited breast cancer metastasis and restored drug sensitivity in TPT-resistant cells via down-regulation of TGF-β signaling and EMT program. The combination of non-toxic agents like MHP-1 and current anti-cancer drugs should be considered in the future treatment of cancer.